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82 The Journal of Thoracic and Cardiobjective: Postoperative deep sternal wound infection with dehiscence carries a
igh mortality rate, a high morbidity rate, and a poor cure rate. We developed a
tandard protocol of care to treat this complication, achieving primary closure and
ure of the infection.
ethods: From January 1, 1981, through May 31, 2005 (24 years 5 months), we
reated 114 patients with dehiscence and mediastinitis. The diagnosis was made
rom 4 to 56 days (mean, 14.5 days) after surgery. Mean age was 64.3 years (range,
8-84 years); 79 (69%) were obese, and 48 (42%) had diabetes. Ten had previous
ttempts (1-4) of repair with other methods. Treatment entailed (1) debridement
ithout removal of bone, (2) bilateral dissection of skin and subcutaneous tissue as
ne layer, (3) implantation of a staggered double-tube irrigation-suction system
osterior and another one anterior to the sternum, (4) lateral reinforcement of the
ternum and reclosure with a double wire, and (5) a single-layer closure of the
ubcutaneous tissue and skin.
esults: Of 114 patients, 109 (96%) had mediastinitis, positive for Staphylococcus
pecies in 101 (92.6%). The cure rate was 98% (112/114); hospital stay was 14 days
range, 12-16 days), with no deaths.
onclusions: Use of this standard protocol is effective and highly recommended. It
pares the sternum, cures the infection, and leaves the patient physically functional
ithout the use of soft tissue flaps.
ostoperative sternal dehiscence with mediastinitis is a serious complica-
tion that needs to be treated promptly and properly.1-5 If effective treat
ment is not implemented in a timely fashion and for an adequate period,
urther complications (such as sepsis, respiratory insufficiency, or multiorgan
ailure) will develop and the patient may die.5-9 Such dire consequences ar
ossible even when drastic operations are undertaken that include removal of the
ternum or use of muscular or soft tissue flaps to achieve healing. The likelihood
f patient survival is limited.6
Keeping these concepts in mind, we designed a standard protocol of treatment
mplemented continually since 1981.3-10 This report entails a consecutive u
elected series of patients either operated on by the first author (J.E.M.) or
eferred to us by the other surgeons of our staff or by surgeons outside our
nstitution. All comers were treated with the same protocol with no exceptions
egardless of the age of the dehiscence. Our protocol aims to cure the infection
nd to re-establish normal chest stability without the use of muscle or omental
aps, sparing the sternum and leaving the patient anatomically intact and fit for
ormal activities.
Although other irrigation/suction techniques have been used in the past,11-14 their
ailure rates remained high.5,12 We herein present a complete review of our re
ince our original publication, back in 1993.10
vascular Surgery ● October 2006
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CDatients and Methods
rom January 1, 1981, through May 31, 2005 (24 years 5 months),
e treated a consecutive unselected series of 114 patients with
ostoperative sternal dehiscence that occurred from 4 to 56 days
fter surgery (mean, 14.5 days). Several patients had already been
ischarged after their initial hospitalization and were readmitted
hen their sternal incision became unstable or started draining or
oth. Three patients were septic with bacteremias, 2 with Staph-
lococcus infection and 1 with Serratia. Mean age was 64.3 years
range, 38-84 years). Obesity (body mass index  30) was present
n 79 (69%), 48 (42%) had diabetes, 4 (3.5%) severe chronic
bstructive pulmonary disease, 3 (2.6%) had mild renal failure,
nd 1 (0.8%) was receiving long-term steroid therapy. The diag-
osis of mediastinitis was made by the physical presence of
urulent material in the field, either preoperatively when the inci-
ion was already open and draining, where separation of the sternal
dges allowed visualization of the mediastinum, or at the time of
urgery when purulent material was found behind the sternum or
ultures from the mediastinum returned positive. The types of
perations performed in these patients are shown in Table 1
perative Technique
ur protocol consists of the following steps:
After the incision is reopened to its original length, all wires are
emoved. The entire field is irrigated with a high-pressure system
Simpulse pulsed lavage; Davol Inc, Cranston, RI) or similar,
ontaining antibiotic solution (usually 1 g of cephalosporin in 1000
L of saline solution). The skin and subcutaneous tissue are
ndermined as a single layer on both sides until the lateral border
f the sternum is reached (Figure 1). The pectoralis major m
s not mobilized.
The adhesions behind the sternum are taken down until the
ateral border of the sternum is passed bilaterally. Each intercostal
pace is clearly identified. All granulation tissue is removed with
curette instrument. High-pressure irrigation is applied to the bone
nd the retrosternal space.
A reinforcing single strand wire with a blunt needle, gauge 8
ABLE 1. Operations performed on patients treated with
he protocol
peration No.
AB 91
VR 6
VR  CAB 3
sc.Ao.Aneu. 2
AB  MVR 2
VR 4
eart transplant 2
VR  MVR 2
OF 1
V canal 1
otal 114
AB, Coronary artery bypass; AVR, aortic valve replacement; Asc.Ao.Aneu,
scending aortic aneurysm; MVR, mitral valve replacement; TOF, tetralogy
f Fallot; AV canal, atrioventricular canal.A&E Medical Corp, Durham, NC), is laced lateral to the sternum a
The Journal of Thoracice
Figure 2), around each rib. The wire starts at the costal m
xtends up to the manubrium, and returns in reverse order, as
escribed by Robicsek, Dougherty, and Cook,15 so that each rib 
urrounded by wire anteriorly and posteriorly. In addition, a hole
s drilled in the upper portion of the manubrium to allow placement
f the reinforcing wire up to that level. At the lower end (ie, the
ostal margin), both ends are twisted and buried in the deep
issues. No bone is removed.
A posterior system of staggered chest tubes is placed along the
ength of the sternum. Two size-24 chest tubes for suction and 2
mall (gauge 8 or 10) catheters for irrigation are placed parallel to
ach chest tube (Figure 3). Peristernal encircling double w
auge 8 (A&E Medical Corp), are placed lateral to the reinforcing
ires (Figure 3) and tightened. The sternum is reunited. Super
o the sternum, 2 size-20 chest tubes are positioned in a staggered
anner also, accompanied by 2 irrigating catheters (gauge 8 or 10)
long the entire length of the sternum (Figure 4). The ski
ubcutaneous tissue are closed in a single layer with a continuous
uture: heavy, nonabsorbable thick monofilament material (Num-
er 2 Prolene; Ethicon, Inc, Somerville,NJ) is used (Figure 
ostoperative Care
he patients are extubated after surgery or the next morning.
ormal oral feedings are resumed. Continuous irrigation at 100
L per tube per hour is applied around the clock for 7 days.
ndependent infusion pumps (4 total) should be used to prevent
neven irrigation. Y-connectors are not used. Thus, the total
hould be 400 mL/h for all 4 irrigating catheters. The only disad-
antage of this large-volume system is that the containers collect-
ng the irrigation need to be changed often. Currently, all patients
igure 1. The first stage of the repair after all the wires have been
emoved. The skin and subcutaneous tissue are dissected later-
lly as a single layer until the lateral border of the sternum is past
nd the intercostal spaces are properly identified.re given low-molecular-weight heparin (Lovenox, Sanofi Aventis,
and Cardiovascular Surgery ● Volume 132, Number 4 783
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A
CDridgewater, NJ; enoxaparin), 40 mg twice a day, and wear pneu-
oboots as long as they are bedridden to prevent deep vein
hrombosis and pulmonary embolism. In our earlier experience,
nfractioned heparin (5000 IU bid subcutaneously) was used, but
ince 1994 enoxaparin has been adopted.
Patients are kept on complete bed rest, with the bed flat; head
levation is allowed only to 12°, with no sitting and no Fowler
osition permitted (to avoid kinking of the tubes or increased
ension of the skin edges). The bladder catheter remains in place
or the first week. If, by the end of 48 hours, the fluid return is clear
ith no fibrinous material, clots, or debris, the irrigation rate can
e decreased to either 75 or 50 mL per tube per hour until the end
f the week. At 1 week, irrigation is discontinued, and all irrigating
atheters are removed. At this point, patients are allowed to get out
f bed. To protect the stability of the repair, patients are allowed
nly to extend their arms in front of them; if they want to get off
he bed, they must be gently pulled, by an assistant standing at the
oot of the bed, into a sitting position, and then swing themselves
round. Patients are not allowed to push with their arms sideways
r from the back.
During the following week (ie, postoperative week 2) the
uction tubes are advanced out 2 inches every day until they are all
ut (usually over 5 to 7 days).
Patients continue to receive the proper intravenous antibiotic
herapy. Because most of the infections seen in our series were due
o Staphylococcus species, our antibiotic of choice is vancomycin.
or the topical irrigation antibiotic solution, cefazolin at 1 g/1000
igure 2. The reinforcing wire placed parallel to the sternum is
aced around each rib from the costal margin to the manubrium
nd back. A hole is drilled in the upper part of the manubrium to
llow the parallel reinforcing wire to reach that level to allow the
lacement of the peristernal wires embracing the reinforcing
ire up to that level.L of solution is used. However, this is changed to vancomycin or o
84 The Journal of Thoracic and Cardiovascular Surgery ● Octoentamicin if the organism is resistant to cephalosporins. The
atients who had gram-negative or mixed infections received
ntravenous and irrigation of aztreonam (Azactam, Bristol-Myers
quibb, Princeton, NJ), piperacillin and tazobactam (Zosyn,
yeth Pharmaceuticals, Philadelphia, Pa), gentamicin, or ampicil-
in and sulbactam (Unasyn, Pfizer Inc, New York, NY). Whichever
ntibiotic was chosen, the treatment was implemented for the same
ength of time: 2 weeks while in the hospital, then orally or
ntravenously via a peripherally inserted central catheter for the
hird week (after hospital discharge) only when vancomycin was
equired.
Twice a day, the skin incision is cleansed and rinsed with either
echni-Care surgical scrub (Care-Tech Laboratories, Inc, Saint
ouis, Mo) or chlorhexidine topical (Hibiclens, Regent Medical,
heshire, UK) to prevent build-up of debris or dried-up crust
aterial that may harbor bacteria. No dressings are applied. After
ll tubes are out, patients are discharged home and continue with
ntibiotic therapy, this time orally for another 10 days. The mono-
lament sutures closing the skin should stay for a total of 3 weeks.
he long-term follow-up requires only 2 visits to the clinic: at 1
eek after discharge to remove the skin stitches, then 6 weeks after
hat for the final check-up. Cure results were assured at 2 months’
ollow-up.
esults
f all 114 patients, 109 (96%) had mediastinitis as previ-
igure 3. The retrosternal chest tubes are placed accompanied
y an irrigation catheter in a staggered manner reaching up to the
ternal notch. The double peristernal wires are now passed
ateral to the reinforcing laced wire to close the sternum.usly defined. The other 5 patients had open skin incision,
ber 2006
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A
CDeparation of the sternum, and loose wires with fractures but
o obvious pus. The most common cultured organisms were
taphylococcus species in 101 patients (92.2%): 78 S epi-
ermidis and 23 S aureus, of which 4 were methicillin
esistant (Table 2). The remaining 8 patients had eith
ixed flora (4 patients.), gram-negative organisms (2 pa-
ients.), Enterococcus, or no detectable growth in 1 patient,
robably because of a prolonged course of antibiotics to
hich he had been subjected. Only 1 death occurred in the
ntire series, caused by heart failure 2 months after the
ternal dehiscence repair.
Of the 114 patients, 102 (90%) had at least 1 fracture. We
ound from 1 to 6 fractures per patient counting both sides
f the sternum at the time of the exploration (Table 3). 
igure 4. After the sternum is closed, a superficial system of
hest tubes, also placed in a staggered manner with irrigating
atheters, is laid over the sternum and brought out on the left side
f the upper abdomen. The skin and subcutaneous tissue are
losed on one single layer with monofilament suture (Number 2
rolene suture).
ABLE 2. Infective organisms in the patients with postop-
rative sternal dehiscence with mediastinitis
rganism No. Percent
taphylococcus species 101 92*
ixed flora† 4 3.6
erratia 1 0.9
nterococcus 1 0.9
nterobacter 1 0.9
o growth in culture 1 0.9
otal 109
Includes 2 patients with baceremia. †Klebsiella, Mycoplasma, Coryne-
acterium, Pseudomonas, and Staphylococcus species.
T
The Journal of Thoraciche
resence of a fracture, we carried out the reinforcement by
lacing the wire parallel to the sternum just as if the sternum
ere intact. We made sure that the suture line was main-
ained snug in both directions to keep the fragments of
ternum approximated as well as possible.
The cure rate was 98% (112/114 patients) with a com-
letely healed stable sternum and no recurrences. In the
ther 2 patients our repair failed after two previous rewiring
epairs had been attempted with different methods. Eventu-
lly they underwent removal of the sternum and muscle flap
mplants. The mean hospital stay was 14 days (range, 12-16
ays). No deaths and no disabilities occurred as a result of
he repair. However, 3 patients treated with our protocol
eeded another reintervention because the first time the
epair had been inadequate and loose, with wires improperly
laced around the sternum. All 3 patients underwent reop-
ration with the same protocol and all of them recovered
atisfactorily.
Two patients who were referred late (49 to 56 days
ostoperatively) had been diagnosed elsewhere with osteo-
yelitis and recommended to have the sternum removed.
oth had chronic multiple open draining sites. We con-
ucted our standard method and obtained total cure. One
ther patient (48 days postoperatively) had also undergone
previous repair attempt with a pectoralis major muscle flap
nd rewiring that failed. This patient was also cured.
There were 10 patients (8.7%) with sternal dehiscence
ho had undergone previous (1 to 4) attempts at repairs
sing other rewiring techniques that failed before they were
eferred to have our protocol of care implemented. Our
echnique was successful in 8 with total recovery. The 2
ailures were the only ones that occurred in our series.
In this series no deep vein thrombosis or pulmonary
mbolism occurred in any patient. Therefore, the use of
noxaparin (Lovenox) seems to be very effective to prevent
hese complications.
No pulmonary complications were seen. On the contrary,
ome of the patients who were experiencing respiratory
mbarrassment preoperatively while the sternum was unsta-
le had significant improvement once the sternum was
tabilized. No prolonged respirator dependency was ob-
erved after the sternal repair. The patients who needed
nticoagulation therapy for mechanical valve prosthesis im-
ABLE 3. Distribution of sternal fractures in 102 (89.4%) of
14
o. of fractures Total on either side or both
34
42
19
7otal 102
and Cardiovascular Surgery ● Volume 132, Number 4 785
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CDlants or atrial fibrillation were restarted on warfarin (Cou-
adin, Bristol-Myers Squibb) the day after surgery. No
leeding episode or systemic embolism occurred in these
atients. No case of decubitus ulcer developed since the
eriod of bed rest is relatively short (7 days). The patients
re also rotated in bed from side to side.
iscussion
ostoperative sternal dehiscence continues to occur when mid-
ine sternotomy is used to approach the mediastinal structures.
ts occurrence is frequently associated with infection, namely,
ediastinitis, which is a serious complication with high mor-
ality. The protocol of care presented here was designed not
nly to cure the infection, but also to restore the integrity of the
ternum. It is a tedious operation and difficult, particularly the
etrosternal dissection to accomplish the repair. Even though
he sternum is firm and stable after this repair, bed rest is
ecessary to implement our method of treatment because the
atient cannot be mobilized with the multiple irrigating tubes,
umps, and suction tubes working continuously. Once the
rrigation is discontinued at the end of the first week, the patient
ets out of bed only with the chest tubes on suction.
Several key points in implementing this protocol require
mphasis: Our most important recommendation is to re-ex-
lore the surgical field as soon as there is any suspicion that the
ternum has dehisced, particularly if fever is present and/or
hite cell count elevation exists. Dehiscence occurs most
ommonly in obese patients, yet it is difficult to make a
iagnosis by physical examination, because the layer of sub-
utaneous tissue is too thick to adequately palpate or feel i
86 The Journal of Thoracic and Cardiovascular Surgery ● Octoovement in the sternum. Therefore, the diagnosis in obese
atients is made by clinical assessment. Sometimes a com-
uted tomographic scan of the chest may help16 by showing
eparation of the sternal halves. However, fluid collection as
ockets is rarely seen. The longer it takes to decide for re-
xploration, the more fractures of the sternum will develop,
hus making the repair more difficult. Another disadvantage
ssociated with waiting is the development of severe medias-
inal fibrosis. Therefore, at the time of the reintervention,
aking down retrosternal adhesions and isolating the sternum is
ery difficult, tedious, and risky. The average time for one of
hese repairs is 3 to 4 hours.
Our protocol, if strictly followed, leads to total recovery. It
s not advisable to “cut corners” and try to get away with a less
omplicated procedure, because it will most likely fail. For
xample, the surgeon may decide that a fewer number of tubes
s satisfactory, or that a shorter treatment period is sufficient, or
hat all tubes can come out immediately after the first week.
lso, the correct placement of the new wires is of utmost
mportance. Figure 5, A, shows improper placement of t
eristernal wires after the dehiscence is treated. Figure B,
hows exactly the way the x-ray film should look after a correct
epair.
We are well aware of the effectiveness of using soft tissue
aps, namely, muscles of the abdomen, chest, or even omen-
um.2,13,17 These procedures may cure the infections, but o
hey involve removal of the sternum and frequently more than
ne operation.
A recent modality is the use of vacuum devices on the open
Figure 5. A, The reinforcing and reclosure of the
sternum has been done inappropriately. The peris-
ternal wires are loose in several places (arrows),
making them ineffective in bringing the sternum
together using the support of the parallel reinforc-
ing wire suture. B, Correct reinforcement of the
sternum is shown, with the peristernal wires prop-
erly tightened against the parallel reinforcing
wires.ncision. Although beneficial, the vacuum system is only a
ber 2006
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A
CDridge to later closure of the incision. Used alone, it will not
ender a stable sternum and it always involves two or more
perations.18-20
We need to mention the type of irrigation to be used on the
pen sternotomy and in a closed system. Iodine compounds,
ainly povidone-iodine (Betadine, Purdue Fredrick Co, Nor-
alk, Conn), have been shown to be dangerous if they reach
erosal cavities,15,21 and deaths due to iodine toxicity h
een reported.22 Iodine also inhibits fibroblasts,23 and it affect
he chemotaxis of white cells, particularly in open wounds.
egardless of the type of mediastinitis or dehiscence that
atients have, we apply the same technique. Therefore, the
lassification proposed by El Oakley and Wright24 has little
pplication because our method has been effective for all
atients, including those treated late (ie, 6 or 8 weeks after their
riginal operation) (Table 4).
Finally, osteomyelitis is a concern. It is important to men-
ion that all the patients treated with our protocol healed, even
f the bone appeared dead, nonvascularized, or infected. Two
f our patients had already been diagnosed with osteomyelitis.
oth responded well. All patients healed completely.
In summary, prompt and proper implementation of our
rotocol is effective and therefore highly recommended for
atients with sternal dehiscence and mediastinitis. Meticu-
ously and strictly applied, this method saves the sternum and
eaves the patient physically functional.
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